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1
When we analyze finite element structures with
extremely large deformation, non-linear problems
are caused by not only geometrical characteristics
of an element but also elements’ or nodes’ contact
phenomena. Contact problem is a complex
non-linear case and it is important to consider how
to express the phenomena using digitalized data.
There are numerous types of contact phenomena
that are adoptable in finite element analyses. For
example, node-node contact, node-element contact,
node-surface contact, etc. From geometrically
non-linearity of an element and the limitation of
segment element’s size make the contact problem
is extremely difficult to solve. The main objective
of this study is to apply Tangent Stiffness Method
for simulation of a non-friction contact
phenomenon between nodes and elements.
Furthermore, by adding some alteration to the
contact judgment, various types of structures can
be applied to perform contact analysis.
Keywords: Contact Analysis, Tangent Stiffness Method,
Node-element contact, Large Deformational Analysis, Finite
Element Method
ANALYSIS METHOD
Here, derivation of calculation procedure for contact problem
will be explained. Fig. 1 represents Element Force for contact
element in Global Coordinate System. Fig. 2 represents
Nodal Forces for contact node and both element ends. The
relation between Element Force vector and Nodal Force
vector in Equilibrium Equation can be expressed as
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Fig 1. Element Force and Global Coordinate
System for contact phenomena
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Fig 2. Nodal Forces f
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2PROCEDURE FOR CONTACT JUDGMENT
The contact judgment is performed by the combination of
inner and outer product of vector values based on node i, j and
target node c. The cosine vectors for node i and target node c
is , node j and target node c is and cosine vector for node
i and j is .
For release contact case, the judgment is performed when the
value of Contact Force becomes less than zero. As illustrated
in Fig. 6 and Fig. 7, the perpendicular vector for cosine vector
of the contact element is defined as . When the Contact
Force value becomes less than zero or changes direction,
target node c is released and the element will be defined as a
non-contact element.
ANALYSIS RESULTS
Fig. 8 Experimental model
Case 1 Cantilever plane beam contact analysis
Young’s Modules : 2.1×1011 [N/m2]
Area of cross section : 0.0050 [m2]
Moment Inertia : 0.0010 [m4]
Moment Force : 29.0364×103 [Nm]
Eq. (2)
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Fig. 4 Pre-contact situation
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Fig. 5 Post-contact situation
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Fig. 6 Element deformation by Contact Force
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Fig. 7 Definition of release contact
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Fig. 9 Element deformations for cantilever plane beam
Fig. 10 Convergent process of Unbalanced Force (Step 160)
Fig. 9 represents contact phenomena for node and element for
cantilever plane beam element. Step 142 represents the
combining process for contact element and the next element
that the contact node is about to pass through. This process is
performed due to the increment steps of iteration number and
the Unbalanced Force value is not possible to converge. Fig.
10 represents the convergent process of Unbalanced Force
vector in Step 160 in cantilever plane beam contact case.
Case 2 Plane beam contact analysis (compulsory
displacement)
Fig. 11 Experimental model
Youngs’ Modules : 2.1×1011 [N/m2]
Area of cross section : 0.0050 [m2]
Moment Inertia : 0.0010 [m4]
Compulsary displacement value : -0.0010 [m]
Fig. 12 Element deformations for plane beam
Fig 13 Convergent process of Unbalanced Force (Step 444)
Fig 12 represents contact phenomena for node and element
for plane beam element. Step 444 represents the combining
process for contact element and the next element that the
Step 141
1M
1
6.8124×106 [Nm]
0.1228 [rad]
Step 142
1M
1
6.8764×106 [Nm]
0.1144 [rad]
Step 160
1M
1
8.0527×106 [Nm]
0.1353 [rad]
Step 180
1M
1
8.6662×106 [Nm]
0.1596 [rad]
Convergence of Maximum Unbalanced Force (Increment
Step 160)
0.00001
0.01
10
10000
10000000
10000000000
1 5 9 13 17 21 25 29
Iteration Steps
M
ax
im
um
Va
lu
e
of
Un
ba
la
nc
ed
Fo
rc
e
Unbalanced Force (N)
Unbalanced Torque
(Nm)
Step 101
Contact node position
 2020 , vu (23.5000m, -0.0100m)
contact node
Step 400
Contact node position
 2020 ,vu (23.5000m, -3.0000m)
Step 200
Contact node position
 2020 , vu (23.5000m, -1.0000m)
Step 444
Contact node position
 2020 , vu (23.5000m, -3.4400m)
Convergence of Maximum Unbalanced Force (Increment Step 444)
0.0000001
0.000001
0.00001
0.0001
0.001
0.01
0.1
1
10
100
1000
10000
100000
1 2 3 4 5 6 7
Iteration Steps
M
ax
im
um
V
al
ue
of
Un
ba
la
nc
ed
Fo
rc
e
Unbalanced Force (N)
Unbalanced Torque (Nm)
4contact node is about to pass through. This process is
performed when the length between element ends and the
contact node becomes less than 3/7 from the length of the
other end. Fig. 13 represents the convergent process of
Unbalanced Force vector in Step 444 in plane beam contact
case.
Case 3 Three rigid frames contact phenomena analysis
(compulsory displacement)
Fig. 14 Experimental model
Youngs’ Modules : 2.1×1011 [N/m2]
Area of cross section : 0.0050 [m2]
Moment Inertia : 0.0010 [m4]
Compulsary displacement value : 0.0800 [m]
Model A : 11 nodes, 14 elements
Model B : 17 nodes, 24 elements
Model C : 11 nodes, 14 elements
Fig. 15 Element deformations for three rigid frames
Fig 16 Convergent process of Unbalanced Force (Step 160)
Fig. 15 represents the contact performance of three models.
With the analysis condition described above, compulsory
displacement is applied on node 40. Step 100 represents the
beginning step for contact between three models. As shown in
Step 175 , model C shows the most deformation compare to
model A and model B, due to the increment value of Contact
Force between model B and model C works on model C. Fig.
16 represents the convergent process of Unbalanced Force
vector in Step 100 in this case.
CONCLUSION
1) Tangent Stiffness Method is able to solve this complex
non-linear contact problem.
2) Proposed technique can express that the contact node
slides over elements end, thus providing strict
convergence results for the contact analysis.
3) Unbalanced Force converges steadily, but in some cases,
convergence process becomes worse, because of the
instability of the nodes condition.
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